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Abstract

This TechnicalPaper documents the Hypertext Docum€igwing Tool trade studydefinedin
DID 211, Trade-off StudiesAnalysis Data for the ECS project. The trade study was
accomplishedby evaluatingthe currently (Spring, 1995)available Graphical Web browsers
running on UNIX/X Window. The evaluatiariteria, process, and results aescribedn detail.
Two different methods were usetb analyzethe evaluationdata thatled to slightly different
results. However, the best tool in both methods was the same: Netscape.

This trade study was a joint project by E@®lUniversity of Marylandat CollegePark (UMCP).
UMCP providedtechnical expertiseon OTSO, asystematicprocess forreusablesoftware
componentselection; ECS performedearchingof tools, and conducted hands-ewaluation.
Criteriadefinition and resultanalysesvere performedby both parties. Jyrki Kontio, UMCP,is
the primary author of this document.

Keywords: browser, hypertext, HTML, WorldVide Web, COTS,tool evaluation, multiple
criteria decision analysis, AHP.
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1. Introduction

This TechnicalPaper documents the Hypertext Docum€igwing Tool trade studydefinedin
DID 211, Trade-off StudiesAnalysis Data for the ECS project. The trade study was
accomplishedby evaluatingthe currently (Spring, 1995)available Graphical Web browsers
running on UNIX/X Window.

This trade study was a joint project by E@®lUniversity of Marylandat CollegePark (UMCP).
UMCP providedtechnical expertiseon OTSO, asystematicprocess forreusablesoftware
componentselection; ECS performedearchingof tools, and conducted hands-ewaluation.
Criteriadefinition and resultanalysesvere performedby both parties. Jyrki Kontio, UMCP,is
the primary author of this document.

1.1 Purpose

The purposes of the Hypertextewing Tool trade study were: 1 find a hypertexviewer for
use agpart of the Client Workbenchfor displayingHTML documents; 2) to provide general
access foClientusersto the WorldWide Web; 3) to serve as thenplementatiormechanisnior
the Client's hypertext based user interface.

1.2 Organization
This paper is organized as follows:

Chapter 2containsan overall descriptionof the selectionprocess andationalesof the decisions
made.

Chapter 3and appendix B present the evaluation criteria used in this study.

Chapter 4 presents the results of the handsalrrevaluationsThese argualitativedescriptions
of how each tool corresponds to the evaluation test used and how they differ from each other.

Chapter 5 presents the results ofttlve analysismethods usetb rank thealternativespased on
the evaluation data.

Chapter oresents summary and conclusions of the evaluation and analysis process.

1.3 Review and Approval

This TechnicalPaperis an informal document forinternal distribution approvedat the Office
Managerlevel. It doesnot require formal Governmentreview or approval; however, itis
submitted with the intent that review and comments will be forthcoming.

Questiongegardingtechnicalinformationcontainedwithin this Papershouldbe addressetb the
following UMCP or ECS contacts:
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«  UMCP Contact:
Jyrki Kontio
(301) 405-2743
jkontio@cs.umd.edu

- ECS Contact:
Show-Fune Chen, CIDM Staff Engineer
(301) 925-0423
schen@eos.hitc.com

Questions concerning distribution or control of this document should be addressed to:

Data Management Office

The ECS Project Office

Hughes Applied Information Systems
1616A McCormick Dr.

Landover, MD 20785

1.4 Applicable and Reference Documents
211-CD-001-001 Trade-off Studies Analysis Data for the ECS Project, Feb 1995.

CS-TR-3478 Kontio, J.:OTSO: A Systematic Process for Reusable Software component
Selection University of Maryland Technical Reports, College Park, MD,
University of Maryland, 1995.
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2. Evaluation Process

The selection process is explained in a separate document in more detail (Kontio, 198&inThe
phases and their results are described below.

2.1 Search

A total of over 48 tools were fourttliring the search fopossibletools. The search was done
using the WWW, as we assumed that these tools would be @veiheThefollowing distribution

of tools by platforms X Window (17), Text-mode (4); MSNindows (16), MS DOS (1);
Macintosh(4); Otherg6). AppendixC containsa full list of these tools with pointett® further
information about them.

2.2 Screening

Out of the totalnumberof Web browsers found, four were selected based onfdlewing
screening criteria:

o HTML level 2 compatibility: the tool should support HTML level 2

o0 Availability on the Unix platform

o Popularity of the tool: the tool should be one of the most widely used tools
o Availability: a working version of the tool must be available

The selected tools were

Mosaic for X The most populalWWW browser. A sharewarproduct, version
2.4
Netscape A popular WWW browser, version 1.1b3.

Webworks for Mosaic A commercial, tailorable WWW browser, version 1.5.

HotJava A prototypeof a commercialtool with an internal programming
language that allows executable contents, version 1.0a2.

The DCEWeb browser,Ariadne,by OSF was alsaonsideredut not selected becausei# not
yet available.

2.3 Evaluation

The detailedevaluationof the tools selected was based on a séiesfrchicakriteriaand rather
detaileddefinitionsfor each criterion. Thevaluation‘phase”,as represented here, alsoluded
the definition of the evaluationcriteria. The actuagvaluationsconsisted of a set of “tests” that
corresponded to the criteria.
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The explicit and detailed definition of ticeiteriaalloweda consisteng¢valuationof the toolseven
though severalevaluators wereénvolved. Eachtool was evaluatedoy two evaluators andhey
eachwrote a report that describedhow the tool comparedto the tests. The rationale for
redundancy in evaluation was to improve consistency in evaluations.

Evaluationresults werediscussedn a meetingwhere all evaluators were present (one was
represented by a proxy). Most of the conflicting observations and open issues were resbi/ed in
meeting and the remaining ones were solved through assigned action items.

The meetingalso changeghe definitions of two evaluationcriteria tests and some of the tests
were dropped as the data was not available. The evaluatofewisithat some of thevaluation
test definitions still were too general and were thus not well understood.

The evaluationdatais presentedn chapter 3Table2-1 presentsvhich individualsparticipatedn
the evaluation and the responsibilities they had.

Table 2-1: Participants and their responsibilities

Name Responsibilities

Kontio, Jyrki (UMCP) | Screening; Criteria Definition; Analysis/WSM,;
analysis/AHP; Mgmt/Admin

Chen, Show-Fune Search; Screening; Criteria Definition; Evaluation
(Webworks, HotJava); Analysis’WSM; Analysis/AHP;
Mgmt/Admin; Others

Hung, Jerry Screening; Criteria Definition; Mgmt/Admin

Kumar, Sangita Evaluation (Mosaic for X); Analysis/WSM

Limperos, Kevin Screening; Criteria Definition; Evaluation (Mosaic for
HotJava); Analysis/WSM; Analysis/AHP; Mgmt/Admi

Poston Day, Jan Evaluation (Netscape, Webworks); Analysis/WSM

Prabhala, Padmaja Evaluation (Netscape); Analysis/WSM

Schmidt, Ginny Screening; Criteria Definition; Analysis/WSM

2.4 Analysis

The analysisof the evaluationdata was donesingtwo techniquesa commonlyusedweighted
scoring method (WSM) andtachniquecalled Analytic HierarchyProcess (AHP)Thiswas done
on purpose as aexperimento see whether thehoiceof the “scoring” techniqueinfluencesthe
result.
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As can be seein the results presentel chapter 5, there werrelatively big differencesbetween
the two methods. However, the best tool was the same in the two techniques: Netscape.

Given thatthe use obamedata andameevaluators resulted quite differentoverallresults this
leadsus to concludethat theanalysisor scoringtechniguemay have a strongimpacton the
evaluationresults. Wehavediscussedhe meaningandimportanceof these resultgn more detail
in a separateeport(Kontio, 1995), but wéelievethat the AHP results are molikely be more
reliable, due to several fundamental limitations that the weighted scoring approach has.

2.5 Total Effort

The total effort spent on different activities was as follows:

Table 2-2: Effort by activities

Activity Effort (hrs) %
Search 20 14%
Screening 8 6%
Evaluation 79 55%
Criteria definition 40 28%
Mosaic for X 10 7%
Netscape 9 6%
Webworks 9.5 7%
HotJava 10.5 7%
Analysi s/WSM 5 3%
Analysi sIAHP 7 5%
Management/administration (plannin g meetil 20 14%
Learning about the methods and techni  ques 1 1%
other (vendor contacts, installations) 4 3%
Total 144

2-3
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3. Evaluation Criteria

The evaluation criteria was defined in detail before the evalusiizoted.The criteriawasdefined
hierarchically in a top-down fashion based on the requirements defim@aglied for the browser.
The criteria definition also refined many of the initially general requirements.

The evaluationcriteriawas decomposedntil a measurabletestableor observablecharacteristic
was defined.These arecalledtestsin the remainderof this document. Eaclestwas definedin
detail to provide a basfer consistenevaluationsThe evaluationcriteriaand theirdefinitionsare
listed in appendix B.
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4. Evaluation Data

This sectioncontainsthe evaluationdatain “raw” format. In thefollowing pages the “tests” used
to evaluatethe tools ardisted as rowsin the table and each of tladternativess representedh
columns two to five. Each cell describes how the tool in that column meets the test on that row.

Table 4-1: Evaluation Data

Criteria/Test

Mosaic for X
ver 2.4

Netscape
ver 1.1b3

Webworks for
Mosaic , ver 1.5

HotJava
ver 1.0a2

Test: Level 2 compatibility

no explicit statement

documentation confirms

no explicit statement

no explicit statement

Test: HTML Level 3
compatibility schedule

N/A

“will support HTML ver 3.0”

N/A

N/A

Test: Support for tables

supported in next version
(2.6)

supports tables

conflicting evaluation info
(supports/does not
support)

not supported

Test: Display of not supported “not mentioned?” not supported can interprete and display
mathematical equations math equations to some
and formulae extent

Test: Other HTML Level 3 | N/A more sophisticated page N/A N/A

features currently
supported

presentation (multiple
text columns, flexible
image placement)
additional security features
third party applications (3D
viewer, rich document
viewer)

Test: Local save and print
tests

save supports source,
postscript and text
printing for file or printer

save supports source,
postscript and text
printing for file or printer

save supports source,
postscript, text and
“formatted text”

printing for file or printer

save not supported
postscript printing
supported

Test: Local tool activation

Supported via MIME
mechanism (FTP, telnet,
external viewers and e-
mail)

Can activate external
viewers (FTP, emalil,
telnet, rlogin)

supported

Supported via. Java
applets

Test: Automatic
uncompress

supported

supported

supported

not supported

Test: Hotlist features

comprehensive support
(Add current, Goto,
Remove, Edit file,

comprehensive support
(Add current, Goto,
Remove, Edit file,

comprehensive support
(Add current, Goto,
Remove, Edit file,

limited support, only add,
delete, visit

Dismiss, etc) Dismiss, etc) Dismiss, etc)

Test: Interrupt of retrieval supported supported supported not supported, but multi-
threading alleviates this
somewhat

Test: Connection status supported supported supported supported

management
Test: Download supported supported, with % supported, with “z of x kB" | supported, with %, but

information display

confusing w/multiple
items

4-1
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Criteria/Test Mosaic for X Netscape Webworks for HotJava
ver 2.4 ver 1.1b3 Mosaic, ver 1.5 ver 1.0a2
Test: Page property not supported not supported not supported not supported
management
Test: Incremental image not supported supported not supported supported
loading
Test: Local caching of supported supported, cahching size supported supported
pages can be adjusted
Test: Dynamic page not supported supported not supported supported if using Java
updating scripts
Test: Customization of supported for font types fonts customizable on all supported for font types not supported (only
colors and fonts (not for size?) platforms (size and type) (not for size) through X-resources)

colors would require X-
resource modifications

colors are customizable on
Macintosh and MS-
Windows

no color customization

Test: Multiple sessions

multiple windows possible

multiple sessions possible

supported via "New" and
"Clone" windows

supported, multi-threaded
no clone window available

Test: Integration Supported. none ? Yes, via its API Unlimited w/Java language
capabilities works with NCSA Collage,
DTM, netCDF/HDF, and
can be used as a HELP
interface via signals
Test: API not supported supported, platform supported supported via Java classes
specific APIs available
Test: Related Support not supported not supported not supported Java
Language
Test: On line help available, also for HTML available, also for HTML supported supported
Test: Product support NCSA provides e-mail 90-day product support email, hotline (conflicting email
Q&A support and warrantee with info)
purchase
Test: Security features Standard WWW uses patented RSA public | not documented support several security
authentication key cryptographc modes: "No access",
technology "Applet host", "Firewall",

"Unrestricted"

Test: Bug list length and
significance

List is short. New versions
are released regularly to
provide enhancements

Bug lists reported with
every release of beta
and official versions of

No bug list information
was available in the on-
line documentation.

Fairly lengthy, but not
unusual for an alpha
release

and fix bugs. Netscape.

Test: references from N/A N/A N/A N/A
other users

Test: User perceived “good” “very good” “good” (w/many acronyms) | “good”
quality of the
documentation

Test: Perceived ease to ‘easy” ‘easy” ‘easy” ‘easy”
learn

Test: Availability of “good” “good” “good” “good”
examples

Test: Availability of on-line | conflicting evaluation data | available conflicting data (“no” / “a not available

tutorial

tutorial of sorts is
provided”

Test: Usage problem list

none

locks the color table

search engine did not
work, crashes
how to restore fonts

several minor anomalies
encountered

Test: Response time tests

instantenous local file open

instantenous local file open

instantenous local file open

instantenous local file open
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Criteria/Test Mosaic for X Netscape Webworks for HotJava
ver 2.4 ver 1.1b3 Mosaic, ver 1.5 ver 1.0a2

Test: Initial CPU memory 1469 Kb 1196 Kb 1282 Kb 2225 Kb

used
Test: Required disk space | 3.4 Mb 2.6 Mb 2.8 Mb 0.345 Mb
Test: Mandatory platforms | OK oK oK oK

(Unix)
Test: Additional platforms | OK oK partial no

(PC, Mac)
Test: Ease of installation easy easy easy N/A
Test: Installation problem | none none none none

list

Test: Purchase price

Mosaic lisences through
another company
(O'Reilly)

1-199 users: $2995/user

200-500: $1648/user

500-999: $8/user/yr

1000-4999: $6.50/user/yr

1-9 users: $39/userlyr
10-249: $33/user /yr
250-499: $27/user Iyr
500-4999: $23/user lyr

1st 100: $169/user
next 100: $129/user
next 300: $116/user
next 500: $91/user

free for noncommercial
use

Test: Distribution Costs

not applicable

not applicable

not applicable

not applicable

Test: Distribution

free distribution if source

Conditions code not modified and
not used for commercial
purposes.

Test: Popularity of the tool | 17% 70% <1% <1%
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5. Analysis of Evaluation Data

The analysisof the evaluationdata wasusingtwo approaches. Each methaddescribedvery
briefly in the following two chapters and the results of theo methods are also presented.
Details of the definition of the methods can be found in a separate report [Kontio 1995a].

5.1 Weighted Scoring Method

The weighted scoring method (WSM) Haeenusedin most previougool selectioncaseslt is
based on the following steps:

1. Define criteria

2. Assignweightclassedo each criterionusuallyfrom 1-5, 5meaningimportant and 1 not
important.

3. Give scores to alternatives on each criterion, usually with a range of 1-5.
4. Multiply the weight and score on each tool and criterion and sum the total by tools.
5. The ranking of alternatives can be seen by the scores that each tool receives.

The weighted scoring methad easyand inexpensiveto use. It also appear$o be intuitive.
However, it has several fundamental shortcomings, such as difficulty of assigning venhigiv
weights,difficulties in balancinga largenumberof criteria or alternativesdifficulties in defining
the scores properly and sensitivity to the number and coverage of the criterion items.

Althoughratio scalenumbersare usedn scoring,usuallythe scoregivento alternativesare only
of ordinal scale. Therefore, the totals caonly be interpreted agiving ordinal rankings of
alternatives, a fact that is often ignored when results are presented.

The results of the weighted scoring method are presemtible 4.1.Note that the absolute
valuesof the scoresn the table aramisleading,they only imply order of the alternatives.They
cannot be usetb draw any conclusionshow muchbetter onealternativeis from otherone.They
do not even necessarilygive much supportin terms of confidencein the ordering of the
alternativesHowever, the reverse dhis is, of coursefrue: closevaluesin scoresindicatethat
ordering of alternatives may well fall within the margin of error in estimates.

The ranking of the alternatives is as follows, in decreasing order:
1. Netscape
2. Mosaic for X / Webworks for Mosaic
3. HotJava

Sincethe scores of Mosaic for X and Webworks for Mosaic weitein one percent oéach
other, we could not indicate any preference over them.
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Table 5-1: Weighted scoring method results

weight| weight

Criteria/tests score % Mosaic | Netscape |Webworks| HotJava
Test: Level 2 compatibility 5 3.4% 3 3 3 3
Test: HTML Level 3 compatibility schedule 5 3.4% 0 3 0 0
Test: Support for tables 5 3.4% 0 5 0 0
Test: Display of mathematical equations and formulae 3 2.1% 0 0 2
Test: Other HTML Level 3 features currently supportec 3 2.1% 3

Test: Local save and print tests 5 3.4% 5 5 5 2
Test: Local tool activation 5 3.4% 5 5 5 5
Test: Automatic uncompress 2| 1.4% 5 5 5 0
Test: Hotlist features 5 3.4% 5 5 5 2
Test: Interrupt of retrieval 5 3.4% 5 5 5 0
Test: Connection status management 5 34% 4 5 4 3
Test: Download information display 3 2.1% 4 5 4 3
Test: Page property management 1] 0.7% 0 0 0 0
Test: Incremental image loading 3 2.1% 0 5 0 5
Test: Local caching of pages 4 2.8% 4 5 4 4
Test: Dynamic page updating 3 2.1% 0 5 0 5
Test: Customization of colors and fonts 4| 2.8% 4 3 4 1
Test: Multiple sessions 3 2.1% 4 5 3 4
Test: Integration capabilities 5 3.4% 3 5 5
Test: API 5 3.4% 0 5 5 5
Test: Related Support Language 5 3.4% 0 0 0 5
Test: On line help 4| 2.8% 4 4 5 4
Test: Product support 5 34% 4 4 5 4
Test: Security features 4| 2.8% 1 5 1 5
Test: Bug list length and significance 3 2.1% 4 3 1
Test: User perceived quality of the documentation 4| 2.8% 4 5 3 4
Test: Perceived ease to learn 5 3.4% 5 5 5 5
Test: Availability of examples 4| 2.8% 5 5 5 5
Test: Availability of on-line tutorial 3 2.1% 5 5 5 0
Test: Usage problem list 3 2.1% 5 4 2 3
Test: Response time tests 3 21% 5 5 5 5
Test: Initial CPU memory used 3 2.1% 4 3 3 2
Test: Required disk space 2| 1.4% 1 2 2 5
Test: Mandatory platforms (Unix) 5 3.4% 5 5 5 2
Test: Additional platforms (PC, Mac) 3 2.1% 5 5 3 0
Test: Ease of installation 3 2.1% 5 5 5 5
Test: Installation problem list 3 2.1% 5 5 5 5
Test: Popularity of the tool 4| 2.8% 3 5 0 0
Total of weight scores 145| 100%

Score 470.0 591.0 467.0 427.0
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We also used thmformationin table 4-1to calculateother metricsthat wouldcharacterizehe
alternativesalthough none of them turnexdit to be conclusive.These are presenté@dtable 4-2.
The rationale of this effort was to find out whether one of the alternativek! havebeenpareto
optimal to the others, i.eheingequalor superior orall criteria. This was not the case, but the
information in table 4-2 still gives some indication of the sensitivity of alternatives.

The row ‘Number of times better than others” indicates how many times the alternativas the best
over the criteria. The secotide, “Number times one shared the best score”, indicateshow many
times the alternative had to share thewin, i.e., it had anequal value with other winning
alternativeson a criterion. The Number times one shared the best score” row is the total of the
above,indicatinghow manytimesthe alternativewas either the bestr one of the best. The row
“did not win” simple shows howmanytimesthe alternativelost to one or more alternativesThe
row marked with $um of weights where lost to others” calculatesghe percentage total efeights
where thealternativewas worse than oner more other alternatives.Finally, the last row
indicatesthe rumberof times the alternativelost to otherswhen the criterion was considered
important, i.e., having values 4 or 5.

The figuresin table 4-2 are@nconclusive.They cannot be usetb draw any strong conclusions
about the result. However, thgye anindication of the confidencethat can beplacedon the

weighted scoring results. Forstance gventhough Netscape had the best score, there stifire
10 criteria where it lost, and the weight of these criteaid a total of 26%. Some of thegéeria

were rankedrelatively important (integrationcapabilities, related support language,product

support, on-line help and customizationof colors and fonts)Especially consideringthat the

weighting method used prevented the allocation of more than 3.4% weighy singlecriterion,

this raises the level of uncertainty about the results.

After reviewing the criteria in question, weintuitively believe that the “weight cap” of the
weighted scoring method had a stroimfjuence in the results. In particular, thdifference
between Mosaic and Webworks in this respect may justify further analysis.

Table 5-2: Further analysis of the weighted scoring method results

Mosaic | Netscape |Webworks| HotJava

Number of times better than others 3 9 2 3
Number times one shared the best score 16 19 17 13
Number times won or a tie 19 28 19 16
Did not win 19 10 19 22
sum of weights where lost to others 52% 26% 47% 59%
Number of times lost when the criteria 12 5 8 13
was weighted 4 or 5
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5.2 Analytic Hierarchy Process

The Analytic HierarchyProcess (AHP}Jechniquewas developedoy Thomas Saaty fomultiple
criteria decision making situations. The techniqueldeewidely andsuccessfulljusedin several
fields. The AHPIs based on the@leaof decomposing multiple criteria decisionmaking problem
into ahierarchicalset ofcriteriathat characterizeéhe problem.At eachlevel in the hierarchythe
relative importanceof factorsis assessetly pair-wise comparisonsFinally, the alternativesare
comparedn pairs with respecto the criteria.This resultsin a systematiccomparisorapproach
that yields ratio scalepreferencedetweenalternativesThe AHP method also has a supporting
tool that allows variouskinds of analysedo be madeg.g.,experimentingwith the sensitivity of
the results.

The following are the main steps in applying AHP:

1. Define a hierarchy of factors thatinfluence the decision, resulting in a hierarchical
structure of factors that have alternatives as the leaf nodes in the hierarchy

Define the importance of factors on each level by pair-wise comparisons
Define the preferences of alternatives by pair-wise comparisons

Check the consistency of rankings and revise the rankings if they are too inconsistent

a & 0D

Present the results of thealuationthe alternativewith the highestpriority beingthe one
that is recommended as the best alternative.

The benefits of the AHP methodinclude automatic support for checking consistencyof

preferencesability to yield ratio scalerankingsbetweenalternatives ability to make sensitivity
analysesandsolid theoreticaffoundationsor the principlesused. Thealisadvantagesf AHP are
that it appears moreomplex, requiring more explanationand training and that itis more
expensiveuse of atool (Expert Choice)s a practicalnecessityand the use of thimol adds one
to two hours of effort to the whole evaluation (note that these westswithin 2-5% of the total
cost of the evaluation in our case).

We have presentdtie hierarchyof criteriain Figure5-1. The fouralternativesare presentednly
oncein the figure, although theybelong as leavesto all end nodesn the criteria tree. The
hierarchyin Figure5-1 is the sameasin the criteria definition document [Kontio 1995b], except
for some items that were dropped during the analysis phase.
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Figure 5-1 : Hierarchy of evaluation criteria used in the AHP method
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We havepresented the results of the Althkingmethodin Figure5-2. An important aspect of
the resultsn Figure5-2 is that thevaluesfor eachalternativeare actually expressed asumbers
on a ratioscale.Therelativesizesof the bardn Figure5-2 reflect the relative superiorityof the
alternatives to each other.
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Figure 5-2 : Results of the AHP method
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The ExpertChoicetool also supportsvariouskinds of sensitivity analyseson the preferences
entered. Wehaveincludedone exampleof themin Figure 5-3. It shows aprofile of each tools
performance by the four main criteria groups. The overall rankargbe alternativesan be read
on thevertical line startingfrom x axis label“overall”. The rankingsby eachmain criteria group
for each alternative can be read frime vertical,“zagged”lines. The weight of eacmaincriteria
groupis presented agerticalbars startindrom the x axiswhere thecriteriagroupis named.The
weights of criteria groups can be changed and the impact of these chathgas/éwall scorecan
be displayed graphically immediately.

As the Figure 5-3 shows, Netscap@articularlystrongin the area omanagementoncerns, i.e.,
popularity of the tool. It is inferior to othertwo tools only in the area offunctionality to the
developer. If theseriteriawereto be rated more important, HotJaraght be analternativeto
consider Although Webworks alsas better than Netscape functionalityto the developer, iis
worse than HotJava in this respect and just about the same as HotJava in all other respects.
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Figure 5-3 : Example of a graph displaying the sensitivity of preferences

Performance Sensitivity w.r.t. GOAL for nodes below
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Abbreviation Definition
FUNC_USR Functionality for the user
FUNC_DEV Functionality for the developer
QUALITY Product quality characteristics
MGMT_CON Management concerns
NETSCAPE Netscape
HOTJAVA HotJava
WEBWORKS Webworks for MOsaic
MOSAIC_X Mosaic for X
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6. Conclusions

For the purposes of tteelectiontask, Netscape can bensideredhe besthoicefor the project.
It appeared as tHainner” in both analysismethods. Furthermore, itelativedistanceto others
in the AHP method suggests that it is better by a non-trivial margin.

It is more difficult to assess whait the second besdlternativeas thetwo analysismethods

yieldeddifferentresults. However, as thieundationsof the AHP method are bettgrstified and

it providesmorefacilities for analyzingthe sensitivitiesof alternativesywe arerelying more on the
results of the AHP method. Frothis perspective, the secomdternativeto consideris HotJava.

During evaluationit was pointedout that within a year itis likely that the criteria under

functionality to the developer ardikely increasein importance.As this is a strong area for
HotJava, this indicates that its ranking to other alternatives is not likely to get worse.

The results of theomparisorof thetwo analysismethods alsavorth pointing out, althoughthey
are not directly relatedto the selectionof the browser. As wédave discussedn a separate
technicalreport(Kontio, 1995), there are strong reastmsvoid the weighted scoring method.
However, it can be usead situationswhere thenumberof criteriaandalternativesare smalland
exceptional care is taken to overcome the limitations of the approach.
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Appendix A: Abbreviations and Acronyms

AHP Analytic hierarchy process

COTS Commercial, off-the-shelf (software)

ECS EOSDIS Core System

HTML Hypertext mark-up language

OTSO The name of the off-the-shelf software selection method used in this paper
UMCP University of Maryland at College Park

WSM Weighted scoring method
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Appendix B: Evaluation Criteria Definitions

Definition Template

The criteria definition framework consists of aierarchy,or a tree, of terms that are
broken downto well-definedobservation®r testsat the leaf level. Theseleaf level items
are identified by the word “Test” in the heading,although thevaluefor the “test”is not
always obtained through conducting a real test.

Each test will be defined using the following template:

Heading Heading for each Tess marked with the word “Test” in the beginning of
it. The text after thevord “Test” containsa unique identifier for the
criterion.

Definition A definition of the test.

Rationale Description of the rationale for the test and how it relatego the
evaluation criteria.

Scale The scaleor type of descriptionused fordocumentingthe result of the
test:

Free format description the result of théestconsists of a free format
description of how the alternative satisfies the
criterion.

List A list of features,characteristicsfunctions etc. is
produced.

Structured description  thereis a templateor a checklistthat defines
what should be described for each alternative.

Nominal Classes are identified but they are not ordered.
Ordinal Classes are identified and they are ordered.
Interval The scalehasmeaningfulinterpretation ofdistance

between entities, but their ratios cannotbe
calculated, i.e., “there is no meaningful zero point”.

Ratio Entities can have ratios, “zerois a meaningful
concept”.
Absolute The number of entities is counted.

Unit/classes Definition of the unit of measureor the classesused, which ever is
applicable.
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Screening rule Definition of a possiblelevel that is required for analternativeto be
selected fodetailedevaluation.Thisfield is used fordocumentingvhich
criteria were used in the screening phase.

Baseline Baselineis the minimum requiredlevel of functionality and features that
the applicationmust satisfy whenit is delivered[Kontio 1995]. Inthis
situation, the baseline is the same as the screening criteria.

Qualitative description Guidelineshow additionalinformationabout thetestshould
be documented.

Source How the value for the test can be determined for each alternative.

Test priority  Descriptionof how important itis to find out the value for a particular
test. Note that this is not the same asittiq@ortanceor weight of the test
or criteriain decisionmaking, although these terms acdtosely related.
The prioritization here takes account thestimatedcostof obtainingthe
information, i.e., if a testis very expensivejt may be given a low test
priority evenif it is one of the most important factarsdecisionmaking.
The test priority classes are as follows:

Required The valuefor the testis essentialfor the evaluationand
must be obtained.

Recommendddlis recommended that the value for thstis obtained f
time available for the evaluation allows it.

Optional The result of theest could beusefulin the evaluation.
Thevalueshouldbe obtaineanly if all othercriteriahave
been covered and there is time available.

Evaluation Criteria

The following sectionsdescribethe evaluationcriteria. Thecriteriais divided into three
main classesfunctional requirementsguality characteristicand managementoncerns.
The technical evaluation primarily deals with the first two.

Functional Requirements (user)

Functionalrequirementsare specific, identifiable functional features that are expected
theapplication.The purpose of thevaluationis to see howmuchof the functionality can
be provided by each reusable tool candidate.

HTML Compatibility

How well the tools keep up with new versions of HTML.
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Test: Level 2 compatibility

Definition Degreeto which the HTML level 2 specificationsand features are
supported by the tool.

Rationale Level 2 is the required standard.

Scale ordinal

Classes full compliance

not level 2 compliant
Screening rule yes
Baseline Level 2 specification.
Qualitative desdf HTML level 2 specificationsarenot fully met, thereshouldbe alist of
the missing features.
Source Vendor statement or HTML level 2 specification and tool features.
Test priority  Required

HTML Level 3 Compliance

This criteria and the tests measure how well the tool suppams morexdvancdeatures

of the HTML.
Test: HTML Level 3 compatibility schedule
Definition When the tool is scheduled to be HTML level 3 compliant.
Rationale HTML level 3 compliancewill eventuallybe required. The speed of

reaching that level indicates the vendor’'sability keep up with the
development.

Scale interval
Unit date
Screening rule No
Baseline NA

Qualitative descStatement on howeliable the vendor’'sreleasedate is,e.g., have the
previous release dates been reliable.

Source Vendor statement.

Test priority  Recommended

Test: Support for tables

Definition Does the tool support displaying information in table format.
Rationale Table format will be used in EOS HTML pages.

Scale ordinal

Classes tables supported, tables not supported

Screening rule No

Baseline NA

Qualitative desd.ist of supported features.

Source HTML level 3 specification, tool.

Test priority  Recommended

Test: Display of mathematical equations and formulae
Definition Does thetool support the display of mathematicalequations and
formulae.
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Rationale Mathematical information will need to be displayed in the EOS system.

Scale list

Classes mathematical equations supported, mathematical equations not supported
Screening rule No

Baseline NA

Qualitative desd.ist of supported features.

Source HTML level 3 specification, tool.

Test priority  Required
Test: Other HTML Level 3 features currently supported

Definition List of HTML level 3 features that the curreversionof thetool already
supports.

Rationale SupportedHTML level 3 features can be us@simediately. This also
reflects how soon the remaining level 3 features will be supported.

Scale list

Screening rule No

Baseline NA

Qualitative desd.ist of supportedfeatures. Thefollowing items should be checked
specifically (see “http://gdbdoc.gdb.org/letovsky/genera/genfuture.html”
for details):

Array Widgets:scrollable editablespreadsheet widgets fdrsplayand
editing of tabular data.

Widget/DocumentAttributes: settableattribute-listsfor widgets (to
store old values, hidden id#, etc.) and documents.

Field Events: to support immediate validation of name-valued feids
subbing (moving from one form tatherandtransferringresults
betweenforms during query constructioror data editing) the
finer-granularityclient-servercommunicationeventsis needed.
Field Events are client=>server messagestriggered by
completion of text field input, toggling of a selectfield, or
pushing a button field.

Immediate Commands:ithese areserver=>clientmessagesvhich the
client interprets ascommandsto do somethinginsteadof an
HTML document to display. The commands include:

4.1 Store a value in a widget/document attribute.
4.2 Access a widget/document attribute.

4.3 Inhibit document stack push.

4.4 Pop document stack.

4.5 Dialog boxes.

4.6 Sequences of actions.

Split Forms: independent windows on same page.

ProgrammableMenus: form documentsshould be able to include
menus for themselves.

Source HTML level 3 specification, tool.

Test priority  Recommended
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Local save and print

Test: Local save and print tests

Definition Does the tool support saving and printing of HTML pages and
information contained in them.

Rationale WWW page information will need to be stored frequently.

Scale list

Possible valuesprinting to a specified printer (postscript, HTML,plain text without
HTML control characters)
saving in HTML format
saving the page data without HTML characters
saving in some wordprocessor format
Screening rule No

Baseline NA
Qualitative descShort notes on how each saving or printing option works.
Source Tests done with the tools.

Test priority  Required
Activation of local tools

Test: Local tool activation

Definition Does thetool support the activation of external local tools upon
receiving data from WWW.

Rationale A common way of downloading and browsing WWW data.

Scale Free format description

Screening rule Yes

Baseline NA

Qualitative desdescription of any problems or restrictions in tool activation.

Source Tests done with the tools.

Test priority  Required

Test: Automatic uncompress

Definition Does the tool support automatic uncompressing of files betdmaitting
data to a local browser.

Rationale A potentially useful feature.

Scale Ordinal

Screening rule No

Baseline NA

Qualitative desdescripton of how the uncompression feature could be implemented.

Source Tool specifications.

Test priority  Recommended

Web maneuvering

Test: Hotlist features
Definition Does the tool support a hot list and what are its features.
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Rationale A frequent utility for users.
Scale List

Possible valuesadd, delete, goto, ...
Screening rule no

Baseline NA
Qualitative desdescription of how each feature works, if not obvious.
Source Tests done with the tools.

Test priority  Required

Test: Interrupt of retrieval

Definition Does thetool supportinterrupting of retrievalsand how the interrupts
are controlled.

Rationale Retrievals may need to be canceled occasionally.

Scale Free format description

Possible valuesno interrupt support
interrupt all retrievals
selective interrupt of retrievals
Screening rule no

Baseline NA
Qualitative desc.
Source Tests done with the tools.

Test priority  Recommended

Test: Connection status management

Definition Does the tool support the display of connection status information.
Rationale May be needed for managing retrievals.

Scale Free format description

Screening rule no

Baseline NA

Qualitative desdescribe the features in connection management.

Source Tests done with the tools.

Test priority  Recommended

Test: Download information display

Definition Does the tool display the downloading progress.
Rationale Feature that allows users to monitor progress of downloads.
Scale Free format description

Possible valuesnot supported
bytes retrieved
percent complete

Screening rule no

Baseline NA
Qualitative desc.
Source Tests done with the tools.

Test priority  Required
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Test: Page property management

Definition Does thetool supportthe storing of page parametensthin and/or
between sessions.

Rationale A nice to have feature.

Scale Free format description

Screening rule no

Baseline NA

Qualitative desc.

Source Tests done with the tools.

Test priority  Optional
Test: Incremental image loading

Definition Does thetool support incrementalimage loading, i.e., loading and
displaying images as they are retrieved rather than waititigghe whole
image is retrieved before displaying it.

Rationale Needed for user comfort.

Scale nominal class

Possible valuessupported, not supported

Screening rule no

Baseline NA
Qualitative desdescription of how incremental image loading works, if not obvious.
Source Tests done with the tools.

Test priority  Recommended

Test: Local caching of pages

Definition Does the tool support local caching of pages.
Rationale May improve the performance wineetrieving frequently visited pages.
Scale nominal classes

Possible valuessupported, not supported

Screening rule no

Baseline NA

Qualitative desdescriptionof the cachingoptions: set thesizesof memory and disk
caches and thigequencyto check document® cache(e.g.,everytime,
once per session, never)

Source Tests done with the tools.

Test priority  Recommended

Test: Dynamic page updating

Definition Does thetool supportdynamic page updating, i.e., thgossibility to
eitherscheduleretrievalsfrom the client or to receiveupdatesfrom the
server.

Rationale Some on-line data may need to use this feature.

Scale nominal classes

Possible valuessupported, not supported
Screening rule no
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Baseline NA

Qualitative desdescription of the features available in this page updating.
Source Tests done with the tools.

Test priority  Recommended

User customization options

Test: Customization of colors and fonts

Definition Does theaool supportthe customizatiorof colors and fonts and cainey
be stored as profiles.

Rationale May be a convenience feature.

Scale Free format description

Screening rule no

Baseline NA

Qualitative desdescribewhat aspects can bmistomized(fonts, colors),to what they
can be associatead (HTML items,document attributes) and how these
can be stored (are style schemes possible ?).

Source Tests done with the tools.

Test priority  Required

Multiple sessions

Test: Multiple sessions

Definition Does thetool supportmultiple sessionsij.e., can more than orexctive
window be openetb access more than oMWW pagesimultaneously
?

Rationale May be a desired feature.

Scale nominal class

Possible valuessupported, not supported
Screening rule no

Baseline NA
Qualitative desc.
Source Tests done with the tools.

Test priority  Recommended

Functional Requirements (development)

Functionalrequirementsare specific, identifiable functional features that are expected
theapplication.The purpose of thevaluationis to see howmuchof the functionality can
be provided by each reusable tool candidate.

B-8 441-TP-002-001



Customization

Test: Integration capabilities

Definition What are theintegration capabilities offered by the tool, is there a
“developerkit” available(or whenit will be available)and what does it
allow to do ?

Rationale

Scale Free format description

Screening rule no

Baseline NA

Qualitative desc.

Source Tests done with the tools.

Test priority  Required

Test: API

Definition Does thetool allow third party applicationsto remotely control or
interface to it.

Rationale Can allow tle integration with other applications.

Scale Free format description

Screening rule no

Baseline NA

Qualitative desclhe type API and its limitations should be described.

Source Tests done with the tools.

Test priority  Required
Test: Related Support Language
Definition Does thetool havean associategrogramminglanguagefor generating
code that interacts with the HTML (axampleis the Hotjavaproduct

from Sun,which has an associatéahguageo supportamazingtypes of
graphical/multi-media interactions).

Rationale This feature would ease thtegration of the tool and supportthe
development of graphical interfaces.

Scale Free format description

Screening rule no

Baseline NA

Qualitative desclhe type of support language and its features described.

Source Tests done with the tools.

Test priority  Required
Quality Characteristics

User support

Test: On line help

Definition What is the on-line help support available in the tool.
Rationale Frequently used support feature.
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Scale Free format descrin

Screening rule no

Baseline NA

Description The description should address at least the following characteristics:
e s anon-line help available

* s the on-line help context sensitive

* does theon-line help provide adequatesupport or does it
usually require reading of manuals

* how good is the search facility and index of the on-line help

 does on-line help support hypertext-like browsing of
information

Source Tests done with the tools.
Test priority  Required
Test: Product support

Definition What kind of praluct support is available.

Rationale May be required by some users.

Scale Free format description

Screening rule no

Baseline NA

Qualitative desds there a hot lines, what are the terms of maintenance agreement..
Source Tests done with the tools.

Test priority  Recommended

Security

Test: Security features
Definition What are the security features supported.
Rationale Security access may need to be controlled by some applications.
Scale List

Possible values
Screening rule no

Baseline NA
Qualitative desdJser authentication.
Source Tests done with the tools.

Test priority  Required
Reliability
Defect rate during evaluation

Test: Bug list length and significance
Definition Evaluationof the buglist issuedby the vendor: howirequentlybug lists
areissued how significantbugs areeportedin it and howquickly bugs
are corrected.
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Rationale Bug list reflectsthe attentiongiven to bugs and the rate of correcting
them. However, this is a very subjective test as, e.glathef a buglist
maynot be asign of reliablesoftware.ldeally, severalbuglists overtime
should be analyzed to skew bugsaccumulaté¢o and are removefilom

the list.
Scale free format description
Screening rule N/A
Baseline N/A
Qualitative desdescription of the bug list evolution.
Source Evaluation of bug lists.

Test priority  Required

Test: references from other users

Definition Summary of references from other users.

Rationale Statementérom otherusers represent their usaggerienceslThey may
address reliability directly or indirectly.

Scale list

Unit N/A

Screening rule N/A

Baseline N/A

Qualitative desdRelative estimates of the reliability.

Source Contacts to other users.

Test priority  Recommended

Usability

Usability refersto the ease of use of theol by the usersThis aspectwill needto be
elaborated further.

Documentation

Clarity of documentation

Test: User perceived quality of the documentation

Definition Subjectiverating of the easdo read andlack of ambiguity in the
documentation given by a group of evaluators

Rationale A clear andunambiguousiocumentatiormakeseasyfor the evaluators
to incorporate the components into their code

Scale Ordinal (poor, acceptable, good, excellent)

Unit N/A

Screening rule NO

Baseline N/A

Qualitative desdescription

Source One or more evaluation sessions with selected evaluators

Test priority  Recommended
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Learnability

Test: Perceived ease to learn

Definition Evaluators perception of the ease or difficulty to learn to use the system.
Rationale Measures although subjectively,a large set of factors thamfluence
learnability.
Scale Free format description.
Unit N/A
Screening rule N/A
Baseline N/A
Qualitative desdescription
Source evaluations
Test priority  Required
Clarity of documentation
Already defined.
Test: Availability of examples
Definition Description and list of examples on the use of the tool.
Rationale Examplescan be used dsining materialand they provide asefulway
to learn about the use of the tool.
Scale List

Description The descripton of theexamplesshould addressat least thefollowing
classes of characteristics:
» are examples from real applications or “toy” applications only

* are examples similar to this project’'s domain
» are examples relevant to this project’s software environment
e number of examples
» coverage of different situations in the examples
Screening rule N/A

Baseline N/A
Qualitative desdescription
Source tool documentation

Test priority  Optional
Test: On-line help
Already defined

Test: Availability of on-line tutorial
Definition Description of the available on-line tutorial.
Rationale On-line tutorial is the most frequently used introduction to the tool.

Scale List
Description The description should address at least the following characteristics:

* is an on-line tutorial available
* what is the average duration of the whole tutorial
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* does the tutorial include interactive practice sessions
* isthere a possibility to backtrack

Unit list
Screening rule N/A
Baseline none
Qualitative desdescription
Source tool documentation
Test priority  Required
Operability

Perceived ease of use

Test: Usage problem list

Definition List anddescriptionof the problemsencounteredluring the use of the
tool.

Rationale Number of problems and their descriptions are likely to corresjmotic:
number and type of problems to be encountered by potential users.

Scale list

Unit N/A

Screening rule N/A

Baseline N/A

Qualitative desdescription

Source Records kept by the person evaluating the tool.

Test priority  Required
Efficiency (Performance)

Time behavior

Test: Response time tests
Definition The time it takes to start the tool using a local HTML page.
Rationale This is the only network independeniperformancemeasure Network
retrievals have much longer delays and the tool efficieniikely to have
only a very marginal impact during normal use.

Scale ratio

Unit seconds
Screening rule NA
Baseline NA
Qualitative desdNA
Source Evaluation

Test priority  Required
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Resource behavior

Memory usage

Test: Initial CPU memory used

Definition
Rationale
Scale
Unit

Amount of CPU (vitual) memory required during execution.
This has a direct impact on the system resource usage.
ratio

kB

Screening rule N/A

Baseline

N/A

Qualitative desdescription

Source
Test priority

Evaluation
Recommended

Test: Required disk space

Definition
Rationale
Scale
Unit

Amount of disk space required by a full user installation of the product.
This has a direct impact on the system disk space usage.
ratio

kB

Screening rule N/A

Baseline

N/A

Qualitative desdescription

Source
Test priority

Portability
Adaptability

Evaluation
Recommended

Test: Mandatory platforms

Definition
Rationale
Scale

Does the tool run on Unix (including DEC Alpha, SGI, Sun, HP, IBM).
required platforms for the project.
ordinal class

Possible valuesruns on required platforms, does not run
Screening rule Yes

Baseline

Available on Unix.

Qualitative desc.

Source
Test priority

Tests done with the tools.
Required

Test: Additional platforms

Definition
Rationale

Scale

Does the tool run on Mac and PC platforms.

These platformsra assumed to be desirable, but not
required by the user community.

ordinal class

Possible valuesruns on additional platforms, does not run
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Screening rule no

Baseline NA
Qualitative desd.ist the platforms the tool runs on.
Source Tests done with the tools.

Test priority  Recommended
Installability

Test: Ease of installation

Definition A subjective estimate of the ease to install the system.

Rationale Installationof the systemmay be requiredby severalusersduring the
project life cycle.

Scale ordinal

Classes

easy can be donén lessthan 10minuteswithout havingto answer
any technical questions

normal requires 10-30ninutesor requires the usdo know somebasic
information about hardware/software configuration

difficult requires more than 3@éninutesor requires userso answer
difficult technical questions

Screening rule N/A

Baseline N/A
Qualitative desdNA
Source Records kept by the person installing the software.

Test priority  Recommended

Test: Installation problem list

Definition List anddescriptionof the problemsencounterediuring the installation
of the tool.
Rationale Seriousnes®f the installation problemscan beassessedvhen these

descriptionsare available.Installation problemsmay indicate additional
problems with the tool.

Scale list

Unit N/A
Screening rule N/A
Baseline N/A
Qualitative desdescription
Source

Test priority  Recommended
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Management Concerns

Cost
Acquisition costs

Test: Purchase price

Definition Out of pocketcosts forpurchasing50 licensesand maintaning up-to-
date versions for the next 5 years.

Rationale Direct measure of costs.

Scale Ratio scale

Unit U.S. dollars

Screening rule no

Baseline NA

Qualitative desc.

Source Vendor

Test priority  Required
Distribution costs and conditions

Test: Distribution Costs

Definition Possible costs involved in distributing the tool within the ECS V1
System.

Rationale Direct measure of distribution costs.

Scale Ratio scale

Unit U.S. dollars

Screening rule no

Baseline NA

Qualitative desc.

Source Vendor.

Test priority  Required

Test: Distribution Conditions

Definition Possibleconditions of distributing the tool within the ECS V1 User
Community.

Rationale Some vendors may restrict the distribution to specific user gauype
of distribution.

Scale Free format description

Screening rule no

Baseline NA

Qualitative des@ll relevant restrictions and/or conditions should be described.

Source Vendor.

Test priority  Required
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Strategic concerns

Test: Popularity of the tool

Definition How popular is the tool currently.

Rationale Current tool popularity reflects its competitive position and the
probability of it being available in the future and being competitive.

Scale absolute

Unit Current number of users

Screening rule no

Baseline NA

Qualitative desddny comments about the estimated growth in user base.

Source Vendor, market information and Internet news.

Test priority  Required
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Appendix C. Web Browser List

This appendixlists the browsers foundh the search phase. Tliest columnin the tablein the
following pagescontainsthe nameoff the product,second and thirdolumnslist the WorldWide
Web addresses (URL) and FTP addresses for the tools, Theolastnincludescommentson
the main features or characteristics of the product.
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